This microfiche was 
produced according to 
ANSi / AiiM Standards 

m 

and meets the 
quaiity specifications 
contained therein. A 
poor blowback image 
is the result of the 
characteristics of the 
original document. 




IMA^A 


(^'ASA-T'^-1C9!><59) 
LUN&n LAiNflc' 

(N P s U L ^ S p '* K 
131 p 


A<?rp«ro cTM'<o\' 
«^HaSc <!: study 
^T'^nNal ®cVIfw 


(NASA) 



N94-?d205 


Unci is 


G3/lo 0000926 




. 1 r 



Artemis 


Common Lunar Lander 

Phase 2 Study Results 
for External Review 


NASA Johnson Space Center 


March 10, 1992 



AGENDA 


Common Lunar Lander 
Phase 2 

Design Review 

10- Mar-92 


Speaker 

Topic 

Steve Bailey 

(Project Manager) 

Jonette Stecklein 

(Lead Engineer) 
Engineering Overview 

Lynn Wagner 

Trajectory/Performance 

Tim Pelischek 

Structures/Thermal 

Nancy Smith 

GN&C 

Dave Pruett 

Data System 

Henry Chen 

Communications 

Bill Culpepper 

Tracking 

Steve Rickman 

Thermal 

Don Hyatt 

Propulsion 

Betsy Kluksdahl 

Power/Pyrotechnics 


Presentation to Mike Griffin; Nova Bldg, Rm 122 


IWV5/\ Johnson Space Center 





‘ ^ ^ 
Ik 


I 


c 

a> 

E 

o 

s 

CO 


CO 

CO 




a C 
:tS o 

S i: 


c: 

D£ 

O 


c 

u 
u 

3 

c 

o 

_ w 

CX 

X c 


0^ 


C/j 


c 


c: 

DJD 

© 

CL< 


.22 © 

£ .© 
© 

c« t- 

oi ^ 

u ^ 
^ 3 


© .22 

u £ 

o ^ 

J; 

a < 

-C <w 


V2 

© 

© 

I 

©: 3 

3 c/3 

= •© 

'S © 

^ a 
© 

u ^ 

3 


3 
© 


H ^ o- ® >■ 

ti — . "3 


E 

© 

tl 

© 


e 

© 

© 


2 

3 


© 

© 

j2 

u 

3 

© 

3 

3 

3 


3 

© 

*5 

c« 


3 

© 


© 
c/3 

© 

3L 
© 

5 

CU C 


© 

© 

3 

3 

c/3 

C/3 


oj 3 


s ^ 

c = 

S o 

a '3 

© 3 

"© o3 
o. 

© ^ 


fa 3 
© 3 


# 

3 


3 

3 

© 

tmmt 


c; 

k. 

■S 



■3 

s 

© 


3 

3 

© 

© 

3 


© 

3 

© 

© 

3 

© 


mmm 

3 

>-» 

•3 

3 

© 

3 

x: 

© 




c/3 

© 

"3 

c/: 

3 

• PHI 

C/3 


*3 

3 

c 

CU 

3 


im 

Cv 

3 

3 


© • 

3D 
3 


3 ^ 




2 ^ - 


c/3 

© 

© 

3 

3 

3 

© 


> 

© 


© OJ 
© ^ 


O. 

£ 2 
— C5 
= © 


3 

•3 


c 

"3 


© 

3 


© 

3 

• mm 

J© 

© 

•N 

C/2 

•41^ 

3 

O. 

3 

© 

•3 

3 

3 

3 

© 

E 

• mm 

© 

© 

© 

3 

c /2 

© 

cr 

© 

Om 

• ipp 

© 

X 

3 

> 

© 

3 

*■« 

c 


J/3 

3 

3 

© 

"s 

© 

© 

£ 

© 


& 


>> 

o 


■3 

"© 

o> 

3 

> 



© 


c/5 

•3 


'c« 

^ 3 


u 

© 

> 


© 

CU 


© CL 
X 
© 


® ^ « 
t_ '♦■» 


© 


3 

© 

© 

© 

U 


c/3 

3 

© 

*5 

c/3 


3 
3 

2 
E f 


I 

s s 

= £ 


© a 

T3 S 

© T3 
3 

r*> 3 


£ 

3 


© ^ 


2 >> 
^ WD 

£ ® 
-O c 


© 


- c :- © •- 
^ ^ © s •■■ 


OD ^ 

2 « 

e- 2 

CTi 3 
© 


3 © 

*3; ^ 

fi. 

« c 

.a § 
ilS 


#s 

"3 

•PM 

• PM 
© 

© 

« «2 

s 

V 

• MM 
© 

C/5 

3 

© 
• 

3 

a 

a 

a. © 

f 

© 

PM 

© 

• M 

3 

X 

3 3 


© 

tlo 

© 

© 

© 

© c/2 

< 

OX) 

3 

CO 


• 

c/3 

3 

© 

c/3 


3 

3 

£ 

3 


3 

© 

£ 


© 

© 

•3 

3 

3 

rv 

© 

© 

3 

3 

3 

© 

u 

a 

© 

im 

3 

a 

© 




CO 

Q> 

%*• 

.10 


I 


*o 

I 

m 

00 

rsi 

U4 

© 

CC 

3 

© 


C.-5I 



New Initiatives Office 


I\V\SA Johnson Space Center 


cn 

s 

o o 

w a 

CO O 

E Q. 
c «> 
g £ 

£ .£ 

o >» 


n= CO 

•S O 
2 . .® 
CQ O 

g I 

o o 

TO 5 

^ JL 

^ .£ 

O Q> 

U. e\ 


-s 0) 

^ (A 
O ^ 

CO E 


I? 

CO ^ 
T3 *• 


m Cj 

.S o 

I S 

^ £ 
o (0 

yj CO 


3 C 

f CO 
3 > 

w 0> 

O w 


5 g 

2 E 

Q. 0) 

"3 '5 
CD ^ 
■? O’ 
U CD 

•S 

0) CO 
CO c 

g I 

o O) 

^ g 

?• B 


•tf 0) > 


ro O 

! • 
« 2 
O Q> 

•w f* 

0> 

Q, 0) 

>< X* 

O CO 

s 5 

CO Q. 

£ £ 

O LU 


NBW InltlaUVBS OfflCB 


rVIASA liohnson Space Center 




CLL Phase 2 Study; Results 





CLL Phase 2: Engineering Products 





I 





Systems Engineering Division 

























IMASA Johnson Space Center 




I- 

4 




Systems Engineering Division 







A 


Systems Engineering Division 


DRIVING Requirements Levied on Engineering 




i i 


[23 

Z 

!I 3 

Q 


u 

u 

’§■ 

•H. 

S<^ 

c£, 

S 

S « 

CO 



0 ) 

,§ 

T 5 

C 

03 


C 

0 ) 

CD CO 
T3 CD 
D T 3 

‘ 0)0 
O o 
^ Q- 

"O 

3 

.tr -Q 

-t—> ^ 

_cc o <o 

fell 

§ 1 !:- 


>s 

C 

03 


u O 

c c 

3 


O 3 >» 
■O cl^ 
S o £ 

>N ‘tr c 

0.0 S 

03 ^ «J 

*r3 O 

^ Ql CO 

ij O E 


in 

CM 

O) 

1 ^ 


co 

o 

T3 ° 
o >« 
(0 ^ 

S'O 

U. m 

£ £ 
— o 

o c 
P a 


(0 


O) 

c 

■o 

c 

iS 

c 

3 


■o 

0 ) 

(0 

3 

CO 

o 

c 

‘ 5 > 

c 

LU 


■o 

0 ) 


o ^ ^ 
o 
o 


o 

< 


o 
0 > 
o 

<0 _ 
Q. (0 
CO -5 
0 ) -o 

o> o 

S «£ 

00 (D 

j) s 

c 3 
O CL 




i 


JonetieSteddein/CT2|6d6624^^^^^^^^^^^ Systems Engineering Division 



fUA<5A Johnson Space Center 



to 

o> 

3 <N 



Jonette Stecklein/ET2/x36624 


Requirements Levied on Engineering 






I 


\ 




Q> 

CT 

CL 


ca 

<D 

</; 

TO 

x: 

a 




Common Lunar Lander Mass Properties Baseline C Rev 1 2/26/92 



C\J 

CD 

a 





CLL Phase 2 


Common Lunar Lander Mass Properties Baseline C Rev 1 2/26/92 



Total Launch Mass (Lander -» Jettison Hardware •» Launch t^dapter) | 1,450 

CLL Phase 2 





Common Lunar Lander Mass Properties 



c 

TO 

o> 

X3 

w 

C 

TO 

o 

X> 

o 


TO 

c 

f/i 

o 

T3 

C 

TO 

c 

TO 

*o 

Sr- 

c 

TO 

TO 

Q- 

E 

TO 


T3 

Q. 

TO 

'o 

3 

O 

O 


3 

TO 


a: 

U) 



> 


C 


“c 


Q 

: 

r“” 


C 


E 






>s 

TO 

C/) 

TO 

Cl 

c 

(/) 

a 


c 

c 

LU 

; ^ 




1 5 

TO 

i 


i 



Q- 

1 o 



*D 

i n 


i X 

TO 


t :=■ CO D 
i 5, o o> 


CM 03 
0> 2 


t O CJ .E 
® w ^ -S o 


« 0) =5 

o CO ^ 

s 3: 

7 "S 9 

O. CO o> 

i2 -c -- 

. o> o 


: C 

tz 

r>- 



CL 

UL 

X 

03 

TO 

, o 
: C 

TO 

TO 

"to 

TO 



C 

Q 

£ 

_ 

‘q) 

o 

c 

O 

TO 

CO 


3 

• u 

CL 

' w 

'fc— 



3 

T> 


; TO 

O 

03 

0 ; 

03 


cr 

03 

O 

; c 
1 c 

5 . 

Q. 

-C 

Q. 

Q. 

k. 

TO 

w 

TO 

CO 

TO 

3 

' O 

OD 

CO 

C/) 


2 

2 

CD 

cn 

i 


CM 

CVJ 


00 

GO 




CO 

CO ^ 

5 O 

^ CO 


CO 

CO ^ 

« o 
5^ o 


10 

TO O! 

^ 5^C0 


CO CO o> IT) o 03 r^ 

^ ^ CO 


5 s2 

i M 

3 > CO 

.. to 

-I D 9 
u CO ^ 


i— i II i w 

5 te o 

j|^ 

-J o 9 
o <n{w 


• ■i ifl t; 

S ‘5 Q. 
h!|^ 
cni 2 52 

> Q. " 

W “• !=| 


1/3 E 
>✓ TO 

c H 
t/3 

c w 15 

TO 03 3 

^ .tf W 
T5 </> 

0) - o 
u- O 0 . 


Wrf*.:- 



Common Lunar Lander Mass Properties Baseline C Rev 1 2/26/92 





r 






a 


CLL Phase 2 PaqeS 







Common Lunar Lander Mass Propedies Baseline C Rev 1 



i 


CLL Phase 2 


Common Lunar Lander Mass Properiies Baseline C Rev 1 2J26I92 























a 







JsC 

TJ- 



ID 



re 

in 



CM 




CM 






o. 




CO 



o 

CO 



CO 




CO 



CO 



CO 

CO 



- 



E 




0) 

O) 

c 




® 

03 

c 



re 

CO 



(§» 

re 

CO 






< 

05 



P' 



in 

? 



o 



CO 

o 



Q> 



E 

® 

to 


CD 



o 

o 

CM 

r^ 


>1 

X 



o 

to 

>. 

jQ 

cn 





05 


CO 


TJ 




T3 

CO 


05 


E 

E 


d 

CO 

£ 

u 

re 

O. 

CL 

D 

GO 

<o 

CO 

X 

05 

to 

o 

in 

X 

a 

a 

3 

UJ 

(X) 

C/5 

(0 

CM 

CO 

a? 

Oi 

(O 

0^ 

CO 

X 

re 

c 

o 

« 

X 

to 

in 

O) 


CM 

O 

w 

-D 

3 

Q 

00 

c 

CO 

CO 

0> 

xi 

E 

o 

c/> 

JC 

3 

Q. 

O 

w 

CL 

1 

< 

CO 

o 

w 

o> 

w 

o 

o 

o 

>s 

c 

o 

T3 

re 

i/i 

® 

C 

i 

in 

w 

® 

o 

o 

iS 

O 

o 

X 

05 

CD 

w 

3 

O 

® 

k. 

o 


3 

u 

o 


3 

re 

E 

O 

re 

CO 


U 

c 

3 

3 

c 

<0 

o 

3 

o 

o 

< 

55 

o 

o 

re 

2 

a 

3 

w 

55 




O CM 

o o ^ 


^ in 

<3 -r- b 


CM 


CD 



O 

CO 

S3 

a 


flC .. 

i|s 

< IP 

-» 3 9 

U CO CD 


fi — ' 

I W § 

^ o> '-S 

c iS 

CO ? 2 

^ « c 
I cc ^ 2 



S 2 £ 
i I i 

^ i 5 

-» 3 9 
O <0 o> 


w 

c 

c: 


O 

o 

o 


' — 


o 



CO 

u 

o 

3 

w 

<D 

o 

Sl 

o 

C5 

c 

o 

55 

a 

k- 

CL 

O 

CL 

*> 

< 

o 

q 

O 

O 

o 

-IL 

c\i 

CO 


CO 


li 8 o 

dS® 


IPS Fuel Reserves 0 0 0% reserves, D, Hyatt. 

IPS Fuel Residuals 6.6 2% residuals, Monomefhylhydraxine (MMH), Contact D Hyatt 

IPS Oxidizer Reserves 0 0 0% reserves. D Hyall. 

IPS Oxidizer Residuals 10 9 2% residuals, Nitrogen Teti oxide (NTO), Contact D Hyatt 

IPSPressura.nl 2 5 Helium. D. Hvatt. 









Common Lunar Lander Mass Properties Baseline C Rev 1 2/26/92 



z eseiid no 






No 

CNJ OJ ^ V- 

1 

t 

i 

Tl. Mass 
(KG) 1 

CO a> 

^ cdj 

O CO QC o O CO 

»ri CD o> o> CM 

CO 

i 3 

4 0 

0 6 






CLL Phase 2 Paqe9 




-100 


Payload Capability (kgs) 


6o ^ u 

o o o 


fo PO 

o o o 


o 


0 > 00 
o o 


Baseline 

1/27 

Interimi 

2/4 


Interim 2 
2/5 

Interim 3 
2/7 

Baseline 
B 2/1 1 

Baseline 
B Rev 1 
2/19 

Baseline 
C 2/20 

Baseline 
C Rev 1 
2/26 



Common Lunar Lander Change in 
Payload Capability 





PHrmtNg PAGE BLANK NOT FH.MEL 


rUASA Johnson Space Center 




73 

dj 


c 

Cl^ 


(h 00 





(b ^ 
U1 ^ 
C5 - 
PQ £ 


c 

o 


c? 

o 

17i 

E 


C 

E 

Cu 

a 


cu 


-g| 

Qj 


X > 





.‘r Qj 

^ CL 


3 

^ 73 
c 

C O 



Systems Engineering Division 







IXIASA Johnson Space Center 



Systems Engineering Division 


|\|ASf\ Johnson Space Center 



* s 


!Z1 

Z 

o 

5 d 

u 

z 

o 

u 


3 

v; *"« 3 

r3 P Oii 

c 5* 2 

00 V- y; 


<zi 

O 

*o 

c 

o 

> 


zi 

o 

Q 

H 

1 


H 

NH 

X 

;=) 

H 


Z 

o 

5 

u 

o 


5 

^ -p 

o — 
&. .£ 

bO .£ 

<U c 

>-> P u. 
P _g rt 

« o 

£ •£ -S 

I 

> 00 o 

•S ^ ^ 

Cb C3 

— t CO 

zi X2 

£ =3 

£ rH 

0 C - , 

1 £ C 

2 E 

£ >-. -c 

I-M ^ •- 

r5 ‘ 

O C/5 
P t— _ 

I I ^ 

> o i 

< Ou CO 


<u 

u< 


O 

3 




bO bO 

c c 


>- 

C 


CO CO 
(D CD 


Cd 

<D 

> 

• •«< 
c 

h-. 

o 

H 

.2 

c/2 

< 


’> 

>> 

0^ 

H 

CO 

— 

£ 

cd 

TD 

CO 

T3 

o 

d) 

O 

CO 

cd 

c3 

O 

>s 

CO 

& & 

Z 

H 

X> 

D 

CO 


o 

'W 

CO 

» 

1 

• 

U 




H 






c/2 w 


O 

"O 

c 

o 

T3 

o 

Ou 

£ 

o 

U 

c/2 

c 

o 
* «»■( 

cd 

u« 

(U 


(L> 

"o 

^ O- 
O 

c 

^ CO 

O 3 
> 

<u o 

V- -C 

T3 n 
C 
C3 


>* 

C3 


H 
ps: 

H 

S - 

CO *7 

S 

CsS 


o 


u 

C3 

-D 

£ ^ 

ed _o 

to s5 

O (U 

*- u. 

IQ O 

O •£ 
O 

Z ^ 



Sysfems Engineering Division 


K 



i 


I. 




i s 


c 

.2f 

*3^ 

a> 


I; ^ 

ca ^ 

C £ 

,jm ^ 

o> c 

t« a 


X 

td 

> 

s 

u 

z 


Vi u. 

4> ^ 

D£ *0 
CQ 0> 

'f §D 

C « 

o o 


a < < < 


a 

O 

X 

H 

O 

X 

o 


cr 

5£ 


II 

u. 


c/5 

c 

o 


3 

a 

fN 

iS 

DC 

e 

13 

3 

3 

w 


OJD 

o> 

o 

cc 



0> 


3 

3 

3 

3 


"O 

>o 



(A 


_© 

_© 


W 



rs| 

a. 


3 

© 

>% 





• 

II 


C3 

a 

.-3 


3 

3 

3 

3 


>► 

Dm 

w 

©> 

a 

a 

C 

- 

s 

a 

a. 

Urn 

fi. 

u 

Q. 

u 

(*> 

u. 


Zi 

X 

cr 

*o 

u 

B 

Xi 

3 

C 

Mi* 

3 

C 

3 

E 

3 

E 

3 


•s 

u 

o> 

E 

^5 

"5 

c/^ 

S 


© 

•C 

01 

0£ 

0£ 

OJj 

k-i 

c3 

• MM 



5/2 

•3 






c 

"oJ 

o 

Im 

s 

0 

z 

Vi 

3 

.© 

CQ 

0^ 

U 

c 



»Ti 

LT; 

‘e 

fmm 

"o 

3 


c 

mm 

V2 

OS, 

fN 

r- 

r^. 

a 

fN 


33 

c 

CQ 





c/2 

'» 

Zi 

Vi 

3 

MV 



u 

"cc 



< 

< 

m 

JZ 

NM 



a> 

u 

c 



Nii^ 


z: 

a 

C/5 

C8 


tiij 

u 

• MM 

o 

3 

Vi 

Vi 

Vi 

o 




u 

a. 

0^ 

M \ 

_3 

iS 



•a 

r \ 

< 


s; 

T, 

CQ 

a. 

u 

C3 

C 

3 


3 

© 

3 

Q, 

3 

C 

3 


0£ 0£ 






0£ 

C ^ 

'•B g 

c iS 

iS oJ 


u 

o 


o 

C/!3 

O 


Vi 


S 

© 


O) 

3 

n 


U« 

^© 

s 

dJD 

*35 

o> 


o ^ 

a < 


Cl. 

© 
u 

V3 

a 13 

"If ^ 

• 13 

X ^ 

z 

*' Jtaa 
Cm 

1-H © 

Vi ^ 

a mm ^ 

"Zli ^ ^ 

Lh 

o 


c 

.Sf 

*c^ 

a> 


o 

< < ^ 

?4 

• * ^ 

JtC 

o 

o 

w 

a 

c 


Johnson Space' Center 





■ IW\SA ENGINEERING DIRECTORATE JSC 

COMMON LUNAR LANDER | 
ASSUMPTIONS I 



All lunar landing sites are accessible 



COMMON LUNAR LANDER 
TRAJECTORY 



Systems Engineoring Division 





A Johnson Specs Center 



Systems Engineering Division 



WiZD/\ engineering directorate JSC 

COMMON LUNAR LANDER 
TRAJECTORY TIMELINE 



SYSTEMS ENGINEERING DIVISION 




o 

(0 


lU 

»- 

< 

(C 

g 

(C 

5 

o 

z 

£ 

tu 

lU 

z 

o 

z 

UJ 


<0 

c 

3 

w 

to 

o 

>» 

to 

00 


o> 


•o 

o 

E 

% 


•o 

o 

E. 

3 

CO 

«0 

CD 

CO 

<D 

IW 

o 
o 

CO 


CM 


E 

o 


CO 

c 

o 

o 

S 

D> 


£ 

To 

C 

CO 


o 

>» 


o 

CO 

o 

w> 

CO 

c 

3 

CO 

O 


0> 

o> 

« 

CO 

c 

o 


0> 22 
5 ? 


o 
u 

fc. 

CO 
C 
3 

a 

CO 
CO 

_ o 

■K 

4-< S? 


o 


1 2 

i -S 

o _ 

O) o 

w I 
0) ■“ 

S o 
c5 n 

« S - 

c O) o 


*3 (D 

C £ 

o 

£ C 
? £ 

*o 
o o 
3 i 
is 3 

ft 

S E 


$ 

o 

TJ 


2 o 


ft* <0 ^ 


2 cb 


o 

E 


8 « 

CO 


■S2 P -S 


CO 


P 


•5 S P 


W mmm 

k» U 


^ a 


p c 
£ o 
o 

c: S 
o “ 
x: P 


S o 
*- *0 
® 0) 
JZ CO 
(- CO 


n 

p 

o. 

p 

o 


tX ® 

P -? 
> ^ 
> 3 


P 
P 
2 
> 

2o 

Q-l o- 

t o I 


f ^ £ 

1 S I 

S 1 ^ 2 ^ 

S 5 p 

p 

2 
> 
o 


p 

c 

o 

«s 

*5 

c 

o 

o 


CM 





O 

H 



O 

0) 

CD 


CO 

x: 

P 




o> 

o 

CD 

O 



CL 


JO 

IE 

P 

w» 

p 

a 

p* 

• 

Tf 

1 

CO 

0) 

2 

p 

2 

•C 

c 

2 

so 

o> 

o 

o 

S 

c 

o 

o 

€0 

o 

€ 


>» 

t. 

o 

o 

2 . 

p 


p 

c 

3 

To 

c 


k 

p 

> 

3 

P 

C 

P 

E 


H 

P 


P 

JZ 

c 

o 

E 

o> 

3 

P 

O 

P 

3 


P O 
111 

*- p n 

P ? o 

p 5 t 
C C p 

CO P 3 UJ 

P E c *" 

o) *= E o 

P p 3 O. 

% £ ^ 2 

P CO P Ou 

S £ £ S 

js p CO £ 
5 p ft 

- 1 ? ® 

2 © 3= £ 

5 ^ S =» 

" flJ O XI 

= « » » 


o 

t: 

p 

o. 


a. 

E 

o 

o 

o 

p 

p 


■5 2 5 

o *5 « 

OP" 

P CQ 

= 00 


i - e <*> 1 5 

g S E € i; H 


O CD 

E c 
5 p 
S. o» 

•c c 


2 ^ 

C p 

& O 
u 

0) — 
-n CD 

i2 


P 

k. 

o 

$ 

T3 

C 

P 


Q. S 

P jQ 

A ii 

3S m 

o 2 


p 2 

O (0 o 

o p P 
£ £ £ 
H H H 


O 

r 

P 

a 

o 

4-* 

P 
D) 

■o 

3 

£ 

P 

>. ? 
S O 

T3 

® ® 

2 33 

2 Q. 3 

£ — 
O |H 
o 2 
o “• 
p o> 


® « I 

^ S I 

0^1 


3. 2 

« 3 


X 

p 


o> 

c 

p 

3 

•D 


P 
^ JO 

c 

p 
C3> 

II 

« s. 

S 2 

C Q. 

P P ^ 

c 5 ® 

0 C P 

® 1 i 
§ I i 

1 B ^ 


! ! f 

$ 


i i 


Vk. 




SYSTEMS ENQINEERINQ DIVISION 




SYSTEMS ENGINEERING DIVISION 



I 




ENGINEERING DIRECTORATE JSC- 





SYSTEMS ENGINEERING DIVISION 



ENGINEERING DIRECTORATE JSC 



SYSTEMS ENGINEERING DIVISION 






- lUASA ENGINEERING DIRECTORATE JSC- 

LUNAR ORBIT INSERTION (LOI) 



SYSTEMS ENQINEERINQ DIVISION 






ENGINEERING DIRECTORATE JSC 



SYSTEMS ENGINEERING DIVISION 








LAUNCH WINDOW CONSIDERATIONS 



SYSTEMS ENGINEERING DIVISION 





lUASA Johnson Space Center 




z; 

O 

55 

> 

Q 

IZ) 

tj 

Z 

< 

*r* 

u 

u 

IS 

Q 

Z 

< 

u 

on 

H 

U 

D 

H 

1Z3 


CO 

H 

Z 

S 

u 

QtS 


Z 

o 

H 

cu 


0^ 

< 

s 

S 

P 

CO 

CO 

< 

H 


S' s 

O! S 


O 

H 

I 

Z 

a 


z z 

a 2 

^ rs 

W g 

Q Q 


CO 

Z 

C 


CO 

z 

!T CO 

> z 

CO a 

H U 


a 


CO X 
Cx] Cs3 
Q > 


< 

3 

H 

U 

OS 

H 

CO 


< 

U 

Z 

< 

s 

u 

isi 


X 

o 

u 

-2 

< 


z 

o 

u 

CO 

< 

u 

Q 


Z ^ 

U » 

5 CO 

2 S2 



Structures and Mechanics Division 





Structures and Mechanics Division 








J 


Structures and Mechanics Division 


WASA Johnson Space Center 



Structures and Mechanics Division 





Tim Pelischck/ES2/A38843 Structures and Mechanics Division 



Structufcs Bpd Mcchariics 



REAR VIEW 






Johnson Space Center 



Structufos 3nd Mochaivcs Division 





IV|/\SA Johnson Space Center 



Structures and Mccftonics Division 






|\IASA Johnson Space Center 



Tim P<^li<;chgk/nS2/x38843 Structures and Mechanics Division 






\ Johnson Space Center 



Structures and Mechanics Division 







Jiflueo Boeds uosuqop V/SV/IVl 



Structures and Mechanics Division 


\ Johnson Space Center 




rw\sA Johnson Space Center 



Structures and Mechanics Uivisiofi 


IWV5A Johnson Space Center 






Tim Peli<;chek/ES2/x38843 Structures and Mechanics Division 


^■k-a 


d) 

S _ o 

, o O) ^ 

TUB £ £ 


[ 25^8 

£^75 

*-=siSs 


£'| 

(0 3 

x: « 

clC/> 

o £ 

H< 


£ 

0)g 

N CA 

o .tr c 

on. « 

LU c,"^ 

> S 

C) 


ii 


c a> 

£ >k 

O 0) 


2 o 
0)CC 


o).E 


T3 t- 
g O W 

” Q.0) 

£ §•'5 ? 
.5>3Eq. 

-2li 

®o . 0 > o 
cr> rr. -K 


*CM *» 

EoS 

«ui « 


t - 

S.i^s 

^£ re S 
3c/?Jc o 
CC >«re> 

c o 

x: ccn g 

O re--.5 


CR 

jg -o 
S re 

CO ^ 

t: o 


cUJ re£ 

£< o Q. 


*c o«0 £ 

O ** w k. 
0(0 <D O) 

0 2 §.Q. 

1 « 

z (X re m 
ODSP 

A At A A 




Johnson Spaco Cantor 


V ^ 


Cl 

H 


o 

^ o 


? 5 ^ 

- E •= 
. 6 - 
<D ^ 

'O ^ 
O rji i- 
U 4 -> 

£ a| 

o> ^ ^ 

. Q) ^ 

u — 

^ <D u 
5 u ro 

Z! q;i L. 
O K 


”” cn 

1 _ if 

m c: 

^ P o 

t L. 
t- C ^ 

^ 5 S 

to 

° O to 
(u q: o 

> -D 
(U C 0> 
x: aj jc 
CO 4 -> 


^ p-« 4 -^ 

^ 3 ro < 1 ^ 

Z c D 

t- El *J § 

o I < Cl 

w CM 0 ^ 


o 6 c: 
2: u 
O 


^1 

3 l_ 
*0 Q> 

”C 5 

C O 
1^ Cl 


c\ 

' 

CO 

u LI. 


0 > ^ 
O W 

Cl 


^ GO 

X csi 


CN 


C 

u ^ 
to ^ 
0^ Cl 

^ s 

Cr O 

O ^ 
CM 



C 

<D ^ 
C,> R 3 
J'i 

O) c. 
cr ^ 
to 


0 .-K 

C 

3 

3 

(0 £ 
o> 
o = 

ii 

CS )0 

•is 


iC ^ 

o> o> 
TT. -X 


xr 
tn vo 
2 r- 

X 


t- <w 

u 

4 -J ^ 

to 


a> ** rt 

" > g «> 



Navigation Control and Aeronautics Division 




Rationale for GN&C baseline 





Navigation Controi and Aeronautics Division 


IVI/^SA Johnson Space Center 





Navigation Control and Aeronautics Division 



Na^gation Control and Aeronautics Division 



















Johnson Spaco Center 





Navigation Controi and Aeronautics Division 













I\VVSA Johnson Space Canter 



y 


Navigation Control and Aeronautics Division 













IUA6A Johnson Space Center 


- c-|5 
o ® *S I 
■o ill 

« c 9 £ ~ 

w « ~ 


2 ® w ;c ^ 

K ^ 0 > C I 

■y <r Q. C c 


O o 
■o E 

M C O 

"oh: 


(> •= <0 o 

o y ® £ ^ "5 

i- >* > o ? 


OD^ 
O o> 




S-o-o & 

a o-^ o S 
z '^•8 5-S 


UJ 

*®flC 

«» «a z 



v>ai V* 


. 1=^1 


=5 u, o 2 tj t* 

o — — • « 


o r c S”i § 

Si 



^ c 
o o 

-O E 
c o 

w ID is 

S £ «•? 


o S 52 

T> £ £ 


« C £ 


5^0 oo 


c te >• 
T- Q. o 


•:: o ^ o 

S E S 

>•0 S ■§ 
CM i: a (Tc, £ 


fi 

g “ 

i 

c ff 


^ c 
•) o o 

O'D E 
• CO 
>> • b 

S o •§ 

^ e g ^ 

^ iz a. o 


£ 

O)^ 
o OS 

I 5 . 



•»- c 
o o 

*0 E 

® S 2 

0 E o -S 
® o o o 
CM wh If.O 


Ul C 

flC w O 

z 5 9 


Ul£ 


S 

«• S S O' 


L. 2 & ft. 

^ • 


S e «B 
z o»^ 

• .S^'o 

•®?5g 

<0 wCD eo 


lu 

■C'S' 

8* 

40 S fe 

•831 


0 so 

•C f "■*!? 

1 SSl-g 


7 W U 
2 

- 10 ) 1 - 



«o«e «» 







NBVfgBtion Control snd Aoronoutlcs Division 




ifyiii 'i 



® I fc 2 

2 i I iS 


z 

g If 

H ■ ^ 

CL 

O I 

o 



5^S|S- 

T- O. U 


M 

<D w. 

» 2 •“ « o 

£ c ^ CB a V 

c 5, C 3 § c 

2 ^ S >* « 

o CO -O O = o 

5*C.£ «e -o T-i: 


^ C 

o o 
-D E 
g S 

M|t 



«0 

Ul c 
flC W o 
2 0 % 
« S O 

S.S 



.ill 

«B <b-C0 CO 


« «B 

I 

? S?5l 


Ui 

DC 

Z> O. 

CM E 
. *5 »- 



Navigation Control and Aeronautics Division 






























GN&C Power requirements Artemis 



Navigation Controi and Aeronautics Division 


rwvsA Johnson Space Center 



David Pruett / EKl 







A 2L 


fSt 


0> 0) 

0 o 

£ £ 

1 ^ 

P 0) 


o 
_ c 

E £ 

•»= c 

c: (0 


TO 3 

•o — 

C (0 
(Q *•? 

E c 

E T 

o 

O 


David Pniett / EK 1 1 / x35269 3 / 9/.)2 PS 3 Flight Data Systems Division 


t/i 

"O 

(0 

Q) 

>* — 
% I 
I “ 

Q> V> 

■5 W 


O’ E 

^ I 


0> 

0> 

■o 

(0 O 

c w 

.2 0 

</) ‘a 

W c 

3 r\ 


■a w 

Q O 

c a. 


cu ^ 

O CD 
0) 0) 
</> ^ 

s~ 

-t-^ 

CO c 
(0 CD 
O O 


CD I 

I E 

3 2 

E » 

E «5 

82 

D>a 

|. 

^ c 

CD — 
m "D 

^■o 

O) 3 

.E O 

■O c 
^ — 

O o 
O jQ 
CD X; 

^ O o> 

o ‘-'i 

^ o $ 
■*- o _ 

o o c 

P 9 
^ o * 

£ *- S 

•- CD ^ 

3 1; ^ 
a* CD o 
0*0 a 


0 = 

i. C CD 
CD (/j 4-* 
C Q CD 

2 5-c 

^ rn"^ 
C ?CD 


C — 

3 

-a.- CO 

C^O 
^ O)^ 

c 

<1> n ■" 
^ 0 

z ®-“ 


•oil 

<D^ 

.E *D 

£ CD 
Q ^ 

*a .— 
o 

(0^ 
c 5= 
o o 

W -JJ 

30 

o ^ 
.^o 

•D C 
C 

§i 

qW 

w S 

^ o 

3 « 

(0 


C3) 
CD C 

^•■5 

m C 

oiS 

Jq o> 

CO 5 

CO ^ 
CO Mi 


r* <0 
O O 

CD ^ 

»- C 
3 CO 
CTtr 
0> 

k. ^ 

o>'a> 

.E 5 

o g 

sa 

o o> 
_ c 

§ o 

E Q> 
0) »- 
cc 


o> c 
x: o> 

o ^ 

E o) 
O..E 
E 3 

COTJ 

^ i; 
c O 

CO**” 
— a 
0)C 

c o 


■P CD 

2 c 

c.i= 

O 3 


3 >» 
O’-Q 
o ^ 

CD C 

m D> 
CD 


.5>S 

£ CO 

o a’c 

— o A 

2 CO .2 

oS S 

E <o*c 
5*0 E 

CC 






- Removal of recorder and higher rate on landing also resulted in the 
reduction of the Comm data link rate from 12 kbps to 6 kbps, an 
additional savings in power 
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POWER, WEIGHT, AND SIZE FOR CLL COMMUNICATION SUBSYSTEM 
(Telemetry, ranging & command option) 


UNIT 

WEIGHIL 

VOLUME # 

Power . _ . 

VENDOR 

S-Band System using DSN 26 subnet 

[XPNDR, RF Assembly, Processing module, Antennas(6) 

and Cables] 


RF Asscmblly 
[w/embedded controller] 

7.94Kg 

7800CC 1 

16x20x24 

12.7W 

custom* 

XPNDR 

[Near-Earth XPNDR] 

4.05Kg 

3500cc 1 

16x20x11 

40JW(p)** 
43 W(s)** 

Motorola 

Antennas 

1.38Kg 

8640 6 

9 cm height 
10 cm diameter 

0 W 

Watkins 

Johnson 

Cable 

0.68Kg 

900cc 1 0 W 

set 

GORE 

Processing Module 

6.0Kg 

8430CC 1 

18x18x26 

27W 

custom* 


Total 


20.05Kg**** 29,270cc 80.2W(p)** 

44.2W(s)** 


* Equipment to be built in house from components with known heritage 

p - peak power, s- standby power 

with mounting structure 23.2Kg 
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COMMUNICATION SUBSYSTEM RELIABILITY Artemis 



Tracking and Communications Division 






NASA NEAR EARTH TRANSPONDER Artemis 
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Tracking and Communications Division 




COMMON LUNAR LANDER TO DSN 26M SUBNET-S BAND; 6W PA, OMNI ANTENNA 
RETURN TELEMETRY CHANNEL CIRCUIT MARGIN 


Parameters Vahie Remarks 


1 Transmit Power, dBW 

7.70 

5.9 watts 

2 Transmit Giro it Ijoss, dB 

-5.90 

Estimate 

3 Transmit ant gain, dBic 

2.00 

Omni antenna 

4 Transmit EIRP, dBW 

3,80 

1+2 + 3 

5 Space loss^dB 

-211.60 

r = 395000 km 
f = 2300 GHz 

6 Polarization loss, dB (worst case) 

-0.50 

Estimate 

7 Pointing Loss 

-0.20 

DSN 810-5 Rev. D Auto-track 

8 Receive antenna gain 

5150 

26M, DSN 810-5 Rev. D,TCI-20 
(including feedline loss) 

9 Total Received Power (Free) 

-157D0 

4+S+6+7+8 

10 Maximum System Temp 

2256 

DSN 810-5 Rev. D 193 *K 
Ref 100* LNA at Zenith, 175 *K 
Horizon Addition 18 *K 

11 Bo!,zman*sConstant(dBW/K)/Hz 

-228.60 

138E-23W/HZ/K 

12 Noise Spectral Den^ty (No) 

-205.74 

10 + 11 

13 Receiver G/T, dB/ K 

28.64 

8-10 

14 Free/ No, dB- Hz 

48.74 

9-12 

15 Modulation Loss 

-2.10 

Bsc^05 rad Bd=1.0 rad 

16 Bit rate bandwidth, dBHz 

3750 

1 

I 

17 Bit Sync Degradation, dB 

-1.00 

DSN 810-5 Rev. D, TLM-50 

18 Coding C^in. dB 

5.30 

(2, 7) Convolutional Code 

17 Receive Eb/No^dB 

13.14 

14 + 15-16 + 17 + 18 

24 Required Eb/Nc^dB 

9.60 

lBE-5 BER 

25 LINK CIRCUIT MARGIN. dB 

354 

20-24 
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COMMON LUNAR LANDER TO DSN 26 M-S BAND; OMNI ANTENNA, 6W PA 
RETURN UNK RANGE CHANNEL CIRCUIT MARGIN 


Parameters Value Remarks 


1. 

Transmit Power, dBW 

7.70 

5.9 watts 

2. 

Transmit Circuit Loss, clB 

-5.90 

Estimate 

3. 

Transmit ant gain, dBic 

2.00 

Omni antenna 

4. 

Transmit EIRF, dBW 

3.80 

1+2+3 

5. 

Space loss^dB 

-211.60 

r = 395000 km 
f = 2200 GHz 

6. 

Polarizc4.>on k>ss, dB (worst case) 

-0.50 

Estimate 

7. 

Pointing Loss 

-0.15 

DSN 810-5 Rev. D Auto-track 

8. 

Receive antenna gain 

51 SO 

26M, DSN 810-5 Rev. D,TCI-20 
(including feedline loss) 

9. 

Total Received Power (Free) 

-156.95 

4+5+6+7+S 

10. 

Maximum System Temp 

22.86 

DSN 810-5 Rev. D 193 *K 
Ref 100* LNA at ZenitK 175 *K 
Horizon Addition 18 *K 

11. 

Boltzman's Cimstant (dBW/K)/ Hz 

-2:?8.60 

138E-23W/HZ/K 

12. 

Noise Spectral Density (No; 

-205.74 

10 + 11 

13. 

Receiver G/T.dB/K 

28.64 

8-10 

14. 

Rec/No,dB-Ife 

48.79 

9-12 

15. 

Modulation Loss 

-14.70 

Bsc=0S rad, Bd=lXJ rad 

16. 

Post del tone S/C power to noise 
spectral density; Psc/ No, dbHz 

34.09 

14 +15 

17. 

Required P!sc/NO,dBHz 

22.80 

Required for using SOQKHz Major 
Range Tone 

18. 

Major range tone margin, dB 

1129 

16-17 

19. 

Required Prec/No for carrier in-lock 
.dBHz 

30.00 

Required fbrmedivtm acquisition 

20. 

Carrier in-lock tracking margin, dBHz 

18.79 

14-19 

21. 

LINK CIRCUIT MARGIN, dB 

1129 

Smaller of 1 8 and 20 
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DSN 26M SUBNET TO COMMON LUNAR LANDER, S-BAND 
FORWARD COMMAND CHANNEL CIRCUIT MARGIN 


Parameters Value Remarks 


1. 

Transmit power, dBW 

43.0 

20.0 KW 

2. 

Transmit ant gain, dB 

51.5 

26M, DSN 810-5 Rev. D, TCI-20 
(including feedline loss) 

3. 

Transmit EIRP, dBW 

945 

1+2 

4. 

Space loss, dB 

-210.9 

r=395000 km 
f=2.120GHZ 

5. 

Polarization loss, d£ (worst case) 

-0.9 

22 dB (Tx AR) 
6.0 dB (Rx AR) 

6. 

Pointing loss, dB 

01 

DSN 810-5 Rev. D conscan, TCI-30 

7. 

Receive ant gain, dB 

2.0 

Omni antenna 

8. 

Receive dct loss, dB 

-5.9 

Estimate 

9. 

Total receive power (Free), dBW 

-121.2 

Sum 4 thru 9 

10. 

System noise temp, dBK 

30.1 

Ts=1024 K(55 dB NF,Ta«290K) 

11. 

Receiver G/T.dB/K 

-34.0 

7 + 8-10 

12. 

Noise Spectral density (No), dBW / Hz 

-1985 

Boltzmann's constant(-228.6) +10 

13. 

Modulation loss, dB 

-3.8 

Bsc=-1.0 rad, Bd=1.0 rad 

14. 

Prec/No, dBHz 

775 

9-12 

15. 

Noise bandwidth, dBHz 

33.0 

20 Kbps 

16. 

Receive Eb/No, dB 

405 

13 + 14-15 

17. 

Theoretical Eb/ No. dB 

9.6 

l.E-5 BER, OQPSK 

18. 

Implementation loss, dB 

-2.0 

Estimate 

19. 

Req'dEb/No,dB 

11.6 

17-18 

20. 

UNK MARGIN, dB 

28.9 

16 19 
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DSN 26M SUBNET TO COMMON LUNAR LANDER, S BAND 
FORWARD RANGE CHANNEL CIRCUIT MARGIN 


Parameters 

1. Transmit power, dBW 

2. Transmit ant gain, dB 

3. Transmit EIRP.dBW 

4. Space loss, dE 

5. Polarization los*^, dB (worst case) 

6. Pointing loss, dB 

7. Receive ant gain. dB 

8. Receive ckt loss, dB 

9. Total receive power (Prec), dBW 

10. System noise temp, dBK 

11. Recerv'erG/T,dB/K 

12. Noise Spectral density (No), dBW / Hz 

13. Prec/No,dBHz 

14. Modulation loss, dB 

15. Pos.. del tone S/ C power to noise 
spectral density, Psc/NO, dBHz 

1 6. Required Psc/ No, dBHz 

1 7. Major range tone margin, dB 

18. Required Prec/ No for carrier in-lock, 
dBHz 

19. Carrier in-lock tracking margin, d BKz 

20. UNK MARGIN, dB 


Value 

Remarks 

43.0 

20-0 KW 

51.5 

26M, DSN 810-5 Rev. D, TCI-20 
(include feedline loss) 

945 

1 +2 

-210.9 

r=395000 km 
f=2.120GHZ 

-0.9 

22dB(TxAR) 

6.0dB(RxAR) 

-0.1 

DSN 810-5 Rev. D conscan, TCI-30 

2.0 

Omni antenna 

-5.9 

Estimate 

-1213 

Sum 3 thru 8 

30.1 

Ts=1024 K(55 dB NF, Ta=290K) 

-34.0 

7 + 8-10 

-198.5 

Boltzmann's constant(-228.6) +10 

77.2 

9-12 

-3.8 

Bsc=1.0rad, Bd=lXlrad 

73.4 

13 + 14 

22.8 

Estimate for using 500KHz Major 
Ranging Tone 

50.6 

15-16 

50.0 

Required for fast acquisition 

27.2 

13-18 

272 

Smaller of 17 and 19 
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I Component 


Helium tank {19.21" Sphe.'e) 

Pyro valve 

gas/gas {4500 psi/0.25") 

gas/gas (250 psi/0.25 ) 

llquid/gas (250 psi/0.75") 

Regulator 

Check valve 

Relief valve 

Propellant tanks 

Engines# 

main 

vernier 

Quick disconnects 

pressurized gas 

pressurized liquid 
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